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SPECIFICATION 

FIBER REINFORCED RES IN COM POSITE MATERIAL 
HAVING REDUCED COEFFICIENT OF LINEAR EXPANSION 

Field of the Invention' 
The present invention rel^t<P5 to fiber reinforced resin 

material having a reduced coefficient: of linear expansion, 
particular relates to fiber reinforced resin material having a 
coefficient of linear expansion of substantially zero. 

Background of the Invention 
In a conventional art/ fiber reinforced rcoin composite 
^material having a reduced coefficient of linear expansion can 
accomplish physical and chemical characteristics suitable for 
its purpose by selecting a combination of reinforced fiber and 
resin matrix/ and nas been broadly used. Particularly/ fiber 
reinforced resin composite material is strong with respect to 
chemical reaction and corrosion environment, and has a low 
specific gravity and high stiffness in general. The material 
has been broadly utilized as structures and parts in the field 
of an aircraft and space environment/ applicable to parts of fine 
machinery devices/ material of construction or sporting goods. 

In the case of utilizing material as structural parts for 
fine tools used in an environment thermally influenced/ it would 
become a serious problem caused by tnermai expansion in accordance 
with a temperature varying. For example, in the case of an 
artificial satellite/ a temperature at a side confronting with 
sun and a temperature at a side opposite to sun are remarkably 
different so that installed fine tools are baneful influenced 
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by thermal expansion in such an environment. In a field of a 
semiconductor manufacturing device, an optical tool and a fin© 
processing device, baneful influence caused by thermal expansion 
should be reduced as less as possible . 

In a conventional art, although material having reduced 
coefficient of thermal expansion such as Inver alloy, quartz glass, 
carbon fiber reinforced rosin composite material has been used/ 
these are metal, silica system material or limited material- In 

tne case of the material, its utility, strength, apeci£xc gravity 
and manufacturing cost would be restricted- It is required a 
coefficient of liner expansion as less as possible so as -co utilize 
a fiber reinforced resin composite material in the various field 
described above. In order to control a coefficient of linear 
expansion of fiber reinforced resin composite material, it is 
prefer to use reinforced Tiber and matrix resin of which a 
coefficient of linear expansion is low or substantially zero. 
However, it is not an actual way to provide the characteristic 
described above with respect to the both of the reinforced fiber 
and the resin matrix- There has been an experiment to reduce 
a total coefficient of linearly expansion by combining fiber 
having a negative coefficient of linear expansion along a fiber 
direction and fiber having a positive coefficient of linear 
expansion along the fiber direction so as to cancel these 
coefficients each other. 

However, in the method, it would be difficult ror the both 
of reinrorced fiber and resin matrix to provide suitable 
characteristics- Upon considering strength and heat-resistant 
of the fiber reinforced resin composite material originally 
required, a material selection is so restricted. 

A factor for determining a coefficient of linear expansion 



' , ' . 3 
of a plate member and a furnished product made of reinforced fiber 
resin composite material is not only a coefficient of linear 
expansion of these materials '''faiit al' ! so "a" 'blen'ding ratio of the 
reinforced fiber and the matrix resin. Depending on a kind of 
info rced fiber, such as monofilament, yarn doubling and yarn 
twisting, a structure of prepreg and a laminating condition such 
a as a chree dimensional laminating structure formed by 
biaxial/triaxial textile with one-way prepreg aligned along one 
direction and a structure of filaments and their laminated 
s t ructure . 

The present inventors reviewed a combination of reinforced 
fibers and their kinds, a selected structure of the reinforced 
gp fiber and a prepreg so as to provide reinrorced fiber resin 
^ composite material having superior characteristics wherein the 
O inventors found factors how a coefficient of linear expansion 
yean be effectively and finely reduced. 

O Disclosure of the Invention 

Pi Regarding an in-plane qu as i - i s o t r op i c material formed by 

'Jf reinforced fiber resin compos ite material according to the present 
U invention, two kinds or more than reinforced fibers are combined, 
wherein at least one reinrorced ritier having a negative 
coefficient of linear expansion is included, A respective sheet 
woven by one kind or more than reinforced fibers of which each 
coefficient of linear expansion is controlled is combined so as 
to reduce a total coefficient of linear expansion, wherein two 
kinds or more than reinforced fibers are formed as a strand in 
a condition of monofilament, yarn doubling or twisting yarn. 

Under the above structure, a plurality of sheets formed 
by one kind or more than reinforced fiber in which & three 
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dimensional structure of twisting yarn, biaxial textile or 
triaxial textile controls its coefficient of linear expansion 
are combined so as to provide an in-plane quasi-isotropic material 
by providing reinforced fiber resin composite material wherein 
the coefficient: o £ lin«A£- "expansion is reduced. 

Further, two or more than sheets made or reinforced fiber 
are combined wherein a coefficient of linear expansion of the 
respective reinforced f i"b e r" i sf "d'i' f f fefe"ri t--e arch • o* t h e r and at least 
one r<sin£orced fiber has a negative coefficient of linear 
expansion so as to provide an in-plane quasi-isotropic material 
by providing reinforced fiber resin composite material wherein 
^ the coefficient of linear expansion is reduced. These kinds of 
jj reinforced fibers can be selected from various selections. Even 
=j If a reinforced fiber had an excellent elastic modulus and 
^ excellent chemical characteristics, the reinforced fiber could 
not have been utilized since the reinforced fiber has a negative 
"coefficient of linear expansion. Unless a reinforced fiber had 
proper coefficient of linear expansion, the reinforced fiber 
j could not have been utilized- Nowadays, these reinforced fibers 
% can be utilized in the present invention. 

* By combining these reinforced fibers in a form of one prepreg 

or a plurality of prepreg, a total coefficient of linear expansion 
is controlled to a predetermined level. After forming reinforced 
fiber resin composite material with these reinforced fibers, a 
final coefficient of the material would be within a preferable 
range, for example, substantially zero. Regarding the combined 
reinforced fibers, the respective coefficient of linear expansion 
of monofilament is not so important. The coefficient of linear 
expansion of the reinforced fiber with respect to a resin matrix 
and the coefficient of the resin matrix are finally controlled 




so that a reduced coefficient of linear expansion can be provided. 
Upon considering a structure of reinforced fiber formed by 
monofilament, a coefficient of linear expansion of the combined 
reinforced fibers is controlled by selecting kinds and number 
o£ reinforced fibers and its blending ratio. 

Embodiments of these reinforced fibers may be yarn doubling 
of which the total coefficient of linear expansion is controlled 
or a strand formed by two kinds or more than reinforced fibers 
a. r <2 bundled. 

In the present invention as claimed in claim 3, a coefficient 
of linear expansion is controlled by utilizing a fact that the 
coefficient is varied by a three dimensional structure of 
reinforced fiber. A th.r.ee„ „ dim en signal structure is formed by 
twisting yarn in which reinforced fibers are twisted so that a 
substantial length becomes longer and a twisting condition is 
changed caused by expansion/contraction of the twisting yarn. 
As the result, an apparent coefficient of linear expansion is 
changed* Thus, a substantial coefficient of linear expansion 
can be varied by utilizing such a twisting yarn. By preparing 
a prepreg formed by reinforced fibers made of the twisting yarn, 
a coefficient of linear expansion of a Tiber reinforced structure 
can be controlled by utilizing trie same Kind of reinforced fiber. 
as similarly, by preparing one-way prepreg, prepreg formed by 
biaxial textile or prepreg formed by triaxial textile, the 
substantial length of the fiber is different depending on their 
three dimensional textile, s t r u-c t-u re s.v A.pp,ar en t. coefficient of 
linear expansion is varied caused by expansion/contraction of 
the prepreg. Upon considering the difference of the coefficients 
of linear expansion caused by the structures of the prepregs, 
the total coefficient of linear expansion of fiber reinforced 



resin composite material can be reduced to a predetermined level . 

In the present invention as claimed in claim 4 , a coefficient 
of linear expansion of a laminated reinforced structure is 
controlled by combining sheets with different coefficients of 
linear expansion made .of .,rei,nf orc^. ^Ip^r.s,, h.aving different 
coefficients of linear expansion. Regarding these sheets having 
different linear expansion ratio, a sheet aligned along one 
direction and a sheet formed by biaxial /triaxial textile may be 
utilized. A coefficient of linear* expansion is controlled by 

a 

laminating a predetermined number of pairs including two or more 
than sheets having different coefficients of linear expansion 
so as to reduce a coefficient of linear expansion of fiber 

5 reinforced resin composite material to a pr eae termined level as 

2i an in-plane quasi-isotropic material. 

O as described above, by combining reinforced fibers having 

%j different coefficient of linear expansion, or considering a three 
Iy dimensional structure of sheets, the coefficient of linear 
□ expansion is controlled by *l'am£ ; h a it i h"g" ^ h'e e t & *f ormed by reinforced 
m fibers having a different coefficient of linear expansion so that 
a coefficient of linear expansion of reinforced fiber resin 
U composite material can be controlled to a predetermined level. 
In addition, by combining these structures, a total coefficient 
of liner expansion can be controlled more effectively and easily. 

Brief Description of the Drawings 
Fig, 1 is a schematic view for explaining a control of a 

coefficient of linear expansion of fiber reinforced resin 

composite material. 

Fig. 2 shows a structure bundled by reinforced fibers A 

and B, wherein each coefficient of linear expansion is different. 
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Fig. 3 shows an example of a prepreg sheet formed by bundled 
fibers of which the respective coefficient of linear expansion 
is different each other. Fig- 3(a) shove a one-way prepreg sheet, 
Fig, 3(b) shows a biaxial prepreg sheet and Fig- 3(c) shows a 
triaxial prepreg sheet. 

Fig. 4 shows an. example of fiber bundle having a constant: 
coefficient of linear expansion rormedby reinrorced fibers having 
dirrerent coefficient: of linear expansion- Fig, 4{a) is an 

example of the one-way direction prepreg; Fig. 4 (b) is e n exaitipl* 
of the biaxial prepreg sheet; an.c) T?i$ z 4ijc) is an example of the 
triaxial prepreg sheet. 

The Preferred Embodiment of the Present Invention 
With reference to the accompanying drawings, it will be 
explained a concrete structure of riber reinforced resin composite 
material according to the present invention and its embodiments. 

Fig. 1 shows a principle how a coefficient of linear 
expansion of an in-plane qu a s i - i s o t r op i c plate according to the 
present invention is controlled to a predetermined level by 
combining a sheet 1 and a sheet 2 having different coefficient 
of linear expansion each other. In Fig. 1, one reinforced fiber 
has a negative coefficient of linear expansion. Regarding the 
other reinforced fiber, - its-c o.e f f 1 e-i-en t .-.ma y. . .b je . relatively large 
(positive) « By alternatively laminating the sheet l and the sheet 
2 as shown in Fig. 1 in order to provide an in-plate quasi-isotropic 
plate and thermally hardening the plate, a coefficient of linear 
expansion formed as fiber reinforced resin composite material 
can be controlled to xero or a predetermined level. 

Under the structure described above, a coefficient of linear 
expansion of each reinforced fiber and a coefficient of linear 
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expansion of matrix resin can be selected easily. Under the 
combination, fiber having a _ hi Sh- elastic coefficient and 
reinforced fiber having excellent chemical characteristics may 
be blended with reinforced fiber of which material is suitable 
for controlling a coefficient or linear expansion so as to provide 
new material having the most prererable characteristics. 

Pig- 2 shows a bundle of reinfoccd fibers formed by at 
least two kinds of fibers, a reinforced fiber A with one coefficient 
of linear expansion and a reinforced fiber B with a different 
coefficient of linear expansion. By blending these two kinds 
of reinforced fibers, a strand of which a coefficient of linear 
^ expansion is controlled to a predetermined value can be obtained. 
g By bundling reinforced fibers, bundled fibers can be treated 

^ as one material having a constant coerricient of linear expansion 
==jso that composite material .. <=a..n ,,.be. jf.o,rm ? d. by a ...one-way prepreg 
■^Jby aligning these bundles along one direction, a biaxial textile 
'prepreg or a triaxial textile prepreg. Accordingly, by 
^laminating a predetermined number of prepreg formed by fiber 
jbundles having a constant coefficient of linear expansion, a 
^coefficient of linear expansion of an in-plate qua s 1- 1 so t r opi c 
*Dlate can be controlled. 

rig. 3(a) shows a one-way prepreg wherein Tiber bundles 
A and B formed by reinforced fibers having different coefficient 
of linear expansion are aligned along one direction. Pig. 3(b) 
shows a biaxial textile prepreg and Fig. 3(c) shows a triaxial 
textile prepreg. The coefficient of linear expansion can be 
controlled to the predetermined level by alternatively aligning 
fiber bundles A and B ha ving-.-dd-f fer^nt... .coefficient o£ linear 
expansion each other. A product process of the material is as 
similar as that of normal reinforced fiber resin composite 




mate rial . 

Fig, 4(a) through 4{c) shows examples of fiber bundles 3 
having a predetermined value of linear expansion by blending 
reinforced fibers having different coefficient of linear 
expansion as shown in Fig. Z, respectively. In these examples, 
the riber bundles have the same coefficient of linear expansion 

SO that the fiber bundles can be treated, aa similar a * normal 
fiber bundles. In an e xamp'l e v a s ' s tfb'Vri * ± h ■* F i* g- .'4(a), a diameter 
of a monofilament is -9 to 5 0 ix m and number of fibers are 10 to 
1000, 000- By aligning these fibers as shown in Fig-4 (a) , one - wa y 

prepreg having a thickness of 10 to 5 0 0 m m and a width of 1 to 
150cm can be provided* 

Fig, 4(b) ana 4(c) is examples of biaxial textile and 

triaxial textile/ respectively. 

Regarding a combination of reinforced fibers according to 

the present invention, actual cases of the combination of 

reinforced fiber and resin matrix are shown as follows: 

(1) Characteristics of epoxy system resin used for a matrix 

Tcnaile elastic modulus; 360kg/min 2 
Poisson ratio; 0.35 
Thermal expansion ratio: eoppm/t 

(2) characteristics of Reinforced fiber: riber type, coefficient 
of linear expansion and tensile elastic modulus or reinforced 
fiJber are shown in Table 1 



Table 1 : 



fibor type, coefficient of linear expansion 
elastic modulus of reinforced fiber 



and tensile 
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Fiber type 


Tensile elastic 
modulus a 1 o n cr a 
fiber direction 
k g f /mm 2 


Coefficient of 
1 i n. ^ £1. vxpsinsiori 
along a fiber 

dirprt 1 nn yr 1 0 ~ 6 / °0 


PAN -based carbon 
fiber (M50 J) 


48, 5 00 




PAN-based carbon 
fiber (MS 0 J) 


60, 000 


-1 - 1 


PAN-based carbon 
fiber (M50J) 


23, 500 


- 0 - 4 1 


PAN-based carbon 
fiber <M5 OCT) 


35/000 


-0.73 


Pitch-bgsed carbon 
fiber (^S-SS) 


35, 690 


-1 • 1 


Pitch-based carbon 
fiber ( YS-60 ) 


61r 183 


-1 . 5 


Pitch-baBed carbon 

Tiber crs-70 ) 


71/ 9 72 


-1.5 


Aramia riber 
EK149) 


19, 000 


-2 


PBO £ib«?r (zairon) 


28,500 


- 6 



PBO : Polyps raphe nylene Benzo Oxazale 



Zairon: trademark registered- b-y TOY-a.-BO&EKa-.Ca.. f Ltd. 
Q A sheet is formed by arranging these reinforced fibers along 

one direction and immersed in matrix resin as one-way directional 
jy material- in the case of an in-planc quaoi-isotropic plate formed 
q by laminating these sh§et$, a coefficient of linear expansion 
;lT of the plate is calculated by the following equation (the equation 
yy and its explanation were disclosed by one of inventors at a seminar 
lI or Composite Material at Hokuriku division on April 14, 1999) . 

These reinforced fibers are formed as one-way sheet / biaxial 
textile or triaxial textile. An in-plane quosi-isotropic 
material is formed by laminating these 'sheets and hardened so 
as to rorm composite material. The coefficient or linear 
expansion of the respective' 'fib'erMd 'She-et' rn the composite 
material can be judged in a macro view. Even if the structure 
of the composite material is different, the total coefficient 
can be treated usually, 
o. A blend ratio in the case of bundled fibers as shown in 
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Fig. 2 formed by blending two kinds of fibers having different 
coefficient of linear expansion is recognized as a hybrid ratio. 
A ratio of combining a yarn prepreg, a one-way prep r ?g r a biaxial 
prcpreg, a triaxial prepreg and a four*axial prepreg formed by 
bundled fibers of two kinds or libers having the different 
coefficient or linear expansion can be treated as a hybrid ratio. 

a -(El^q l + Ei,*<* t+M lt*Ei,*c* l +/x L t*El* ( a l+ a t) ) / ( E L + E T + 2 // l- t Bl) 
In the equation,. 

El: 'iss'tic modulus of one-way material along a fiber direction 
E-: elastic modulus of one-way material along a direction 
perpendicular to the fiber direction 
u lt - Foisson ratio 

a i : coefficient or linear expansion of one-way material along 
a fiber direction 

a T : coefficient of 1 i n e a r, „ § xj) ^.n si^p. .o. - wa y material along 
a direction perpendicular to the fiber direction 

Material characteristics of these one-way materials arc 
determined by kind of fiber and resin and a content ratio of fiber. 
Regarding characteristics of reinforced fiber, an clastic modulus 
of one-way mater ial along a transversal direction or a crimp ratio 
of textile are influenced. However, there is not sufficient data 
about them. Therefore, regarding the influence caused by these 
factors are estimated based on an experimental knowledge and 
checked actually. 

(3) An in-plane qua s i - i s o t r op i c plate is formed by laminating 
sheets made of one-way prepreg and prepreg formed by biaxial 
textile in accordance with the following method, 
(a) A prepreg is formed, by -a p a i-r.--o f ■ ©n©.- way. . pr epr e g formed 
by a layer 1 and a layer 2 as shown in Fig. 1. These pairs 
are laminated along directions of 0° , 90° , 45° , -45° , -45° , 



(b) 



(c) 



id) 



Tabic 
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45 ° , 90 ° , 0 ° in order so as to form an in-plane 
quasi- isotropic plate. 

Eight sheets of one-way prepregs having the same 
characteristics as shown in Fig. 4 (a) formed by fibers as 
shown in Pig. 2 axre ldmin^t-d along direction of 0° ,9 0° , 

45° , -45° , -45° , 45° , 90° , 0° in order so as to form an 

in-plan» quflsi-isotropic plate. 

inthecaseof biaxial textile, if a crimp ratio is controlled 

to reduce,, the textile is not so different from the one-way 
material and substantially utilized as same as the one-way 
prepreg. The similar plate can be produced by laminating 
sheets of the biaxial textile along a direction of 0° ,45° , 
45 , 0° , These four prepregs are same material formed by 
yarn doubling o£ two kinds or more than fibers, combing 
wool or a textile alternatively woven by these fiber bundles . 
Such a structure is shown in Fig. 2, Fig. 3(b) and Fig. 
4 (b) . 

Regarding an in-plane quasi-i sotropic plate formed by the 
above described method, a relation between a hybrid ratio 
calculated by the abo v-e. e qua t.i o.n,and,a,c,p e f£ i ci e n t of thermal 
expansion is shown in Table 2» 

2 : Hybrid ratio of fiber and coefficient of thermal expansion 
of an in-plane qua s i - i s o tr op i c plate 



Fiber 


type 


Hybrid ratio (%) = weight of fiber A/ (weight 
of fiber A + weicrht or fiber b ) x ion 


Fiber 
A 


Fiber 

B 


0% 


20% 


40% 


60 S 


5 0% 


100% 


M50 J 


M 6 0 J 


-0.21 


-0.14 


-0.06 


0 . 02 


0.11 


0.21 


YS-35 


YS-60 


-0 .39 


-0.24 


-0.07 


0,18 


0,41 


0-74 


K149 


YS-70 


-0 - 55 


-0-36 


-0-11 


0.28 


0 . 93 


2 . 24 


(Note ) 
















Lamination direction: 


0° ,90° 


, +45° 


, -45° , 




t45° , f 



90" 
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Vf= 60% 

As shown in Table 2, it would be found a minimum coefficient 
of thermal expansion depending on the hybrid ratio. Hybrid ratios 
of reinforced fibers of which a total coefficient of thermal 
expansion ia zero are shown in Table 3 

Table 3; Weight ratio of Fibers a and B, and elastic modulus 
in the case that an in-plane coefficient of thermal 
expansion is zero 



Fiber type 


Weight of fiber ffc) 


Elastic 
modulus 
( kg/mm 2 ) 


Fiber A 


Fiber fi 


Fiber A 


Fiber B 


M50 J 


M60 J 


55.1 1 


44.9 


11/328 


YS-35 


YS-60 


44.6 


55,4 


10, 619 


K149 


xS-70 


45.4 


53,6 


10,099 



(Note) vf =60% 



j=J (4) In the case of a triaxial textile, an in-plane quasi-isotropic 
Hj characteristic can be obtained by one textile sheet. In such 

si a case, a crimp ratio is varied depending on its thickness. 

Therefore, it has been checked ratios of textile having 
^ thickness of O.lnuam and 0.2mm. 

p (a) A relation between a hybrid ratio and a coefficient of 
p thermal expansion or composite material formed by a triaxial 

^ textile having a thickness 0,1mm calculated from the above 

equation 

Table 4: Hybrid ratio of fiber and in-plane thermal expansion 
coefficient (unit: ppm/t ) 



Fiber 


type 


Hybrid ratio, ( X%|. T.yej,^t..ci£..£.iber A/ (weight 
of fiber A + weight of fiber B*> x 100 


/Fibe 
r A 


Fiber B 


0% 


2 0% 


40% 


60% 


8 0 % 


100% 


T300 


Zairon 


-2-86 


-1.98 


-1.04 


-0.04 


1 . 04 


2 . 19 


K149 


Z airon 


-2.86 


-2.11 


-1*26 


-0 . 27 


0.89 


2,26 


M35 J 


Zairon 


-2,86 


-1.98 


-1 . 17 


-0.03 


0.27 


0 . 92 



(Note) 



thickness of triaxial textile: 0.1mm 
V f = 6 0 4- 



As similarly, the hybrid ratio is shown in Table 5 in the 
case that a thermal expansion coefficient of the combined fibers 
as shown in Fig. 4 is zero* 

Table 5: Weight r^tio o £ fibres A and B, and elastic modulus 

of which an in-plane thermal expansion coefficient is 
zero- 



Kind of fiber 


Weight of fiber (%) 


Elastic 
modulus 
{ kg /ram 2 ) 


Fiber A 


Fiber B 


Fiber A 


Fiber B 


T300 


Zairon 


60 . 7 


3 9.3 


5,729 


K149 


Zairon 


6S 


35 


5 r 0 3 8 


M35 J 


Zairon 


72 . 1 


2 7.9 


7,221 



(Note) Thickness of triaxial textile: 0 . 1mm 



(b) Table 6 shows a relation between the hybrid ratio and thermal 
expansion coefficient of composite material made of triaxial 
textile having a thickness of 0.2mm calculated from the above 
equation ••■ ■ '»w,." . 

Table 6: Hybrid ratio of fiber and in-plane thermal expansion 
coefficient of triaxial textile (unit: ppm/'C ) 



Fiber type 


Hybrid ratio (%) = weight of fiber A/ (weight 
of fiber A + weight of fiber B) x 100 


Fiber A 


Fiber S 


0% 


20% 


4 0% 


60% 


80% 


100% 


T300 


Zairon 


-2.80 


-1.94 


-1.02 


-0.03 


1 . 05 


2.22 


K149 


Sair on 


-2.80 


-2.08 


-1.24 


-0.26 


0.90 


2 .31 


M35J 


Z a iron 


-2.80 


-1.95 


-1.16 


-0.42 


0.28 


0 „ 95 



(Notes) a thickness of triaxial textile: 0.2 mm, 

Vf = 60% 

As similarly, the hybrid ratio is snown in Table 7 In the 



case that a thermal expansion coefficient of the combined fibers 
as shown in Fig, 6 is zero 

T^ble 7: Weight ratio of Fibers A and B , and elastic modulus in 
the case that an in- plane quas'i-i'so'tropic thermal 




expansion coefficient; is 



Fiber type 


Weight of fiber (%) 


Elastic 
modulus 
( kg /mm 2 ) 


Fiber A 


Fiber B 


Fiber a 


Fiber B 


T300 


2airon 


GO . 6 


39 . 4 


5,713 


K149 


Zairon 


64 . 8 


35 . 2 


5,026 


M35 J 


z ai r on 


71.8 


28 . 2 


7,168 



(wore) Thickness of triaxial text lie r o , 2mm 

Vf-60% 

In th© above embodiments, epoxy resin is used as a matrix. 
However/ if any resins, have proper characteristics/ various 
thermoplastic resin can be used as the matrix. in addition/ a 
matrix of composite material including resin and metal may be 
used if the matrix has proper characteristics. 

Further, It Is errectlve to control coefficient of thermal 
expansion of these resin- Characteristics of resin such as a 
coefficient of thermal expansion may be controlled by blending 
various fillers in the resin. 

Although the above embodiments show an isotropic 
coefficient of linear expansion by providing fiber reinforced 
resin composite material having an in-plan« quasi-isotropic 
characteristic, a combination of fiber bundles and prepreg 
disclosed in the above embodiments may be controlled in the case 
that a coefficient of l-inear xp a-&s-io n. .-.i 5 .d i, f .f .e rent depending 
on its direction . 

Industry Field Applicable to the Invention 
In fiber reinforced resin composite material according to 
the present invention, reinforced fiber having various 
characteristics and different coefficient of linear expansion 
and matrix resin are combined in the above described embodiments - 
By controlling a coefficient of linear expansion of reinforced 

fibers, fiber reinforced resin composite material having a 
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controlled co.irici.nt^f Un,,, sxpansion and praferable 
ch ara ct 6 ri S tic B can be obtained / The material can be broadly 
utilized as a structure and a part used in . fine machinery Qr 
an air craft and space environment where varying temperature and 
^ th-mal -Pension cauned by v a * ying : eB p 8ra:ur9 aro remarkably 
influenced • 



